Abstract This study was conducted to retrospectively investigate the efficacy and safety of pegaspargase, gemicitabine, oxaliplatin and dexamethasone (PegGemOD) combination chemotherapy as a first-line therapy for advanced-stage extranodal NK/T cell lymphoma (ENKTL). Eighteen patients with newly diagnosed stage III/IV ENKTL were subjected to 3-6 cycles of PegGemOD chemotherapy. After 3 cycles of therapy, the overall response rate was 67 % (12/18) with a complete response rate of 28 % (5/18) and a partial response rate of 39 % (7/18). The median overall survival (OS) and progression-free survival (PFS) time were 10 and 8.5 months respectively. For those responders, the median OS and PFS time were significantly better than those of non-responders (median OS, 15 vs. 10 months; P = 0.001 and median PFS, 15 vs. 7 months; P = 0.001). Furthermore, patients with low plasma EBV-DNA levels after induction chemotherapy had a remarkably longer OS and PFS time. The toxicity of Peg-GemOD regimen was acceptable.
Introduction
Extranodal NK/T cell lymphoma (ENKTL) is a distinct subtype of non-Hodgkin's lymphoma which has a predilection for Asian and South American populations [1] . In China, ENKTL makes up 5-10 % of all malignant lymphomas. Although patients with stage I/II ENKTL can achieve favorable long-term outcome from concurrent or sequential chemoradiotherapy [2, 3] , advanced-stage (stage III/IV) ENKTL is still highly invasive, respond unsatisfactorily to conventional combination chemotherapy with extremely low 1-year overall survival (OS) rate. Great efforts have been made to explore optimal systemic chemotherapy for advanced-stage ENKTL. However, there is currently no consensus on standard therapeutic regimens for this formidable disease.
Chemotherapy protocols generally used to treat lymphomas of other histological subtypes have very little efficacy in ENKTL patients with disseminated disease. The mechanisms of ENKTL resistance to conventional chemotherapy might be related to the overexpression of P-glycoprotein in tumor cells, which is responsible for the multi-drug resistance (MDR) phenotype [4] . Recently, several non-MDR-dependent drugs were incorporated in protocols specifically designed for ENKTL. Among these novel protocols, L-asparaginase or its pegylated form pegaspargase-based combination chemotherapy regimens have been observed with promising results in patients with advanced-stage ENKTL [5] [6] [7] . In addition, as a nucleoside analogue, gemcitabine alone or its combination regimens have shown considerable efficacy in the treatment of ENKTL, particularly in relapsed or refractory ENKTL patients following L-asparaginase-containing chemotherapy [8] . Based on these observations, chemotherapeutic regimens incorporating both gemcitabine and L-asparaginase or pegaspargase have emerged with favorable outcomes in stage I/II or relapsed/refractory ENKTL patients. However, there have been few studies to examine the treatment outcomes of chemotherapy regimens comprising gemcitabine and pegaspargase for advanced-stage ENKTL. From 2011, we began to use pegaspargase combined with GemOD (gemicitabine, oxaliplatin and dexamethasone) regimen, which has been validated as an effective salvage regimen for patients with relapsed or refractory T cell lymphoma in our previous study [9] , to treat patients with newly diagnosed stage III/IV ENKTL as a first-line therapy. In this retrospective study, we firstly evaluated the efficacy and safety profiles of this novel regimen containing pegaspargase, gemicitabine, oxaliplatin and dexamethasone (Peg-GemOD) and prognostic factors in advanced-stage ENKTL.
Methods Patients
From January 2011 to December 2014, a total of 18 patients with newly diagnosed stage III/IV ENKTL, who received Peg-GemOD regimen as induction chemotherapy for at least 3 cycles, were retrospectively identified. The inclusion criteria of this retrospective study were as follows: (1) pathologically confirmed diagnosis of ENKTL in accordance with the WHO criteria; (2) Immunohistochemistry analysis of neoplastic cells typically positive for cytoplasmic CD3e, CD56, granzyme B, and TIA-1 but negative for surface CD3, CD79a and CD20; Epstein-Barr virus (EBV)-encoded small nuclear RNA (EBER) detected by in situ hybridization; (3) previously untreated, Ann Arbor stage III/IV ENKTL; (4) received Peg-GemOD regimen as induction chemotherapy for at least 3 cycles; (5) a complete set of clinical information and follow-up data.
Clinical demographics, staging work-up data and prognostic factors were collected including age, sex, systemic B symptoms, Eastern Cooperative Oncology Group performance status (ECOG PS), a complete medical history, physical examination, complete blood count, serum biochemistry with lactate dehydrogenase (LDH), computed tomography (CT) scans or magnetic resonance imaging (MRI) of head, neck, thorax, chest and abdomen, wholebody positron emission tomography-computed tomography (PET-CT), bone marrow examination and plasma EBV-DNA. Bone marrow involvement was defined as lymphoma cells found in specimen or unifocal, multifocal and diffuse fluorodeoxyglucose (FDG) uptake within the skeleton higher than that in the liver on PET-CT images. Plasma EBV-DNA measurement was determined by quantitative polymerase chain reaction (PCR) assay,which was expressed as copies per ml of sample with a minimum detection level of 5 9 10 3 copies/ml. Clinical data were retrieved through the hospital electronic medical record system after approval obtained from the Hospital Ethics Committee and conducted in accordance with the precepts established by the Declaration of Helsinki.
Treatment Protocol
The Peg-GemOD regimen consisted of pegaspargase at a dose of 2500 U/m 2 intramuscularly on day 1, gemcitabine at a dose of 1000 mg/m 2 as a 30 min intravenous infusion on days 1 and 8, oxaliplatin at a dose of 100 mg/m 2 diluted in 5 % dextrose solution as a 3 h infusion delivered on day 1 after gemcitabine, and dexamethasone at a dose of 20 mg intravenously on days 1-4. The regimen was repeated every 3 weeks. Pegaspargase was used with no skin test or pre-medication. An anti-emetic protocol including ondansetron or dolasetron was administered before chemotherapy. For patients who experienced grade 3 or more hematologic and/or non-hematologic toxicities except alopecia, the total dose of gemcitabine and oxaliplatin to be administered for all following cycles was reduced by 25 %. Granulocyte colony stimulating factor (G-CSF, 5 lg/ kg/day) or recombinant humanized thrombopietin (rhTPO 300 IU/kg/day) were given to patients who developed grade 3-4 neutropenia or thrombocytopenia as supportive therapy. All patients received at least 3 cycles of PegGemOD chemotherapy with a maximum of 6 cycles. Salvage chemotherapy or hematopoietic stem cell transplantation was offered to patients who suffered from progressive disease following chemotherapy.
Response and Toxicity Criteria
Response was classified as complete response (CR), partial response (PR), stable disease (SD) or progressive disease (PD) according to Revised Cheson's standard response criteria. The treatment response evaluation data included assessment after every 3 cycles of chemotherapy and the completion of treatment. OS was calculated from the date of diagnosis to death from any cause or the last follow-up. Progression-free survival (PFS) was measured from the initiation of chemotherapy to the date of disease progression, relapse, death or last follow-up visit.
All adverse effects after chemotherapy were graded based on version 3.0 of National Cancer Institute Common Terminology Criteria of Adverse Events. Clinical records for evaluation of chemotherapeutic toxicities included the results of laboratory measurements for complete blood cell count, coagulation tests, amylase, glucose, bilirubin, aspartate aminotransferase, and alanine aminotransferase.
Statistical Methods
Survival analysis was performed using the Kaplan-Meier method. The log-rank test was used to compare survival curves. P values less than 0.05 were considered significant. All statistical analyses were performed using SPSS 17.0 software.
Results

Patient Characteristics
Clinical demographics and characteristics of all patients were summarized in Table 1 . The median age was 57 years (range 30-70 years). Six patients were older than 60 years of age. There was a slight male predominance, with a maleto-female ratio of 1.25:1. Eleven patients had Ann Arbor stage III ENKTL, and seven patients had stage IV disease. Six patients presented with non-upper aerodigestive tract (NUAT) involvement with dissemination to lymph nodes (n = 4), bone marrow (n = 2), lung (n = 2), testis (n = 1), intestinal tract (n = 1), and skin (n = 4). The ECOG PS scores of six patients were C2. Systemic B symptom and elevated lactate dehydrogenase (LDH) were observed in 12 and 13 patients, respectively. Additionally, five patients suffered from hemophagocytic syndrome characterized by fever, hepatosplenomegaly, cytopenias, hyperferritinemia, hypertriglyceridemia, hypofibrinogenemia and hemophagocytosis in bone marrow or lymph node. According to the international prognostic index (IPI), all of patients had high-intermediate or high IPI risk scores.
Therapy Delivered and Response Rates
A total of 88 cycles of Peg-GemOD regimen were delivered. The median number of cycles administered was 5 (range 3-6 cycles), with seven patients completing 6 cycles. There were a total of 42 cycle delays. Among them, 32 delays were due to myelosuppression, 10 cycle delays due to elevated liver enzymes. Meanwhile, dose reduction was required in seven patients because of grade 3-4 hematological toxicities, while there was no dose reduction for non-hematological toxicity. Altogether, 46 cycles proceeded without treatment delays and 57 cycles were administered without dose reduction.
The overall results of treatment response were summarized in Table 2 . After 3 cycles, the overall response rate (ORR, CR ? PR) was 67 % (12 of 18 patients). CR and PR were achieved in 5 of 18 patients and 7 of 18 patients, respectively. In addition, SD was observed in two patients during therapy and PD in four patients. A total of 14 patients with no evidence of progressive disease after 3 cycles of the Peg-GemOD regimen received additional cycles of chemotherapy. Among them, seven patients accomplished 3 additional cycles of the Peg-GemOD regimen while the other 5 died of progressive lymphoma during the following cycles of treatment and one patient died of disease related co-morbidities after 5 cycles of 
Survival Analysis
With the median follow-up time of 18 months (range 3-24 months), the median OS and PFS of these patients were 10 and 8.5 months respectively. The OS and PFS of the responders (CR ? PR) who received 6 cycles of the Peg-GemOD regimen were significantly better than those of non-responders (median OS, 15 vs. 10 months; P = 0.001 and median PFS, 15 vs. 7 months; P = 0.001) (Fig. 1) . The median EBV-DNA level of 18 patients was 6.62 9 10 5 copies/ml (range 3.42 9 10 4 -7.26 9 10 5 copies/ ml) before therapy. After 6 cycles of treatment, the plasma EBV-DNA was undetectable (\5910 3 copies/ml) in 3 of the 4 patients who achieved CR, and remission was maintained at the time of last follow-up. The median PFS of these patients reached 18 months (Fig. 2) . The fourth CR patient had EBV titre of 1.14 9 10 4 copies/ml at end of treatment and experienced disease recurrence 2 months later.
At the time of the present analysis, six patients are still alive with 2 in PD, 3 in CR and 1 in PR. Two PD patients received salvage chemotherapy with 1 achieving PR. Autologous hematopoietic stem cell transplantation was performed for 1 CR patient. 
Treatment-Related Toxicity
Treatment-related toxicities were acceptable, as detailed in Table 3 . The main adverse event was hematological toxicity. Grade 3/4 neutropenia was observed in 63 % of all delivered cycles. Febrile neutropenia complicated 23 % of cycles, where one patient died of neutropenic sepsis. Grade 3/4 thrombocytopenia was recorded in 70 % of cycles, with six patients receiving a median of 2 units (range 1-4) of platelets transfusion. Grade 3/4 anemia occured in 12 % of patients. With regards to non-hematologic toxicity, liver dysfunction presenting as elevated alanine aminotransferase (ALT) and aspartate aminotransferase (AST) was observed in 20 % of cycles, mainly occurring in the first week of chemotherapy. Only one patient developed pancreatitis, which resolved with somatostatin and supportive care. Prolonged activated partial thromboplastin time (APTT) and/or prothrombin time (PT) as well as hypofibrinogenemia were recorded in 32 and 29 % of cycles respectively, but without bleeding or thromboembolism. Other non-hematologic toxicities including gastrointestinal toxicity and hyperglycemia were mild or moderate, which were controlled with supportive care. There was no cases of hypersensitivity or thrombotic events. Fig. 2 Progress-free survival and overall survival of whole cohort (case 1, case 10 and case 14 with undetectable plasma EBV-DNA following chemotherapy) [5, 7] . It is necessary to further optimize L-asparaginasebased regimen to circumvent these obstacles.
Gemcitabine has demonstrated substantial anticancer activity against NK cell lymphoma, possibly due to elevated expression of activating enzymes including deoxycytidine kinase (dCK) or equilibrative nucleoside transporter 1 (ENT1) in NK cells [10] . Similarly, oxaliplatin, a third generation organoplatinum derivative, has significant cytoxicity towards chemoresistant lymphoma cells and a favorable safety profile. In addition, oxaliplatin has shown mechanistic synergy when combined with gemcitabine in several studies of lymphoma [11, 12] . Moreover, pegaspargase displays lower incidence of antiasparaginase antibodies and more prolonged asparaginase activity in comparison with native L-asparaginase [13] . Therefore, several studies have reported encouraging results of the combination of gemcitabine, pegaspargase and oxaliplatin-based regimen for patients with stage I/II or relapsed/refractory ENKTL, such as GELOX (gemcitabine, pegaspargase and oxalipaltin) [2] and DDGP (gemcitabine, pegaspargase, cisplatin and dexamethasone) [6] . However, there are few studies available describing the efficacy of gemcitabine, pegaspargase and oxalipaltin combinations in newly diagnosed patients with stage III/ IV ENKTL. This retrospective study presented a cohort of newly diagnosed advanced-stage ENKTL who received the Peg-GemOD regimen, i.e. pegaspargase combined with gemicitabine, oxaliplatin and dexamethasone as firstline therapy. It might provide rationale for extended clinical trials for pegaspargase and gemicitabine-based combinations in the treatment of advanced-stage ENKTL patients, and reinforce some important concepts in the treatment strategies of ENKTL in general.
Results from this retrospective study evaluating the response to treatment indicated that the Peg-GemOD regimen yielded an ORR of 67 % with 28 % CR rate, which was encouraging taking into account poor prognostic features of this advanced-stage patient population. Formal comparisons of response rate of Peg-GemOD with other commonly employed L-asparaginase or pegaspargase and gemicitabine-containing chemotherapy are problematic due to potential imbalance in patient selection. With respect to stage III/IV ENKTL, the observed response rate of the Peg-GemOD regimen was superior to those with traditional pegaspargase-based chemotherapy such as pegaspargase plus CHOP, EPOCH or GEMOX [14] . It was noteworthy that 8 of 11 patients with stage III ENKTL achieved CR or PR, which compared favourably to those with stage IV ENKTL. Moreover, patients with primary involved site other than upper aerodigestive tract tended to exhibit a poor response, which indicated that stage III/IV non-upper aerodigestive tract ENKTL was a unique subset and treatment strategies might be explored separately. Accordingly, the Peg-GemOD regimen appears to be effective for selected advanced-stage ENKTL patients, and further investigations are needed to study the selection and eligibility criteria for Peg-GemOD regimen. Furthermore, one patient with PR after 3 cycles converted to CR after a further three cycles of treatment, suggesting that some advanced-stage ENKTL patients might respond slowly. Therefore, treatment should not be abandoned for patients who do not seem to respond well at three cycles, so long as there is no significant toxicity to contraindicate continuation of treatment.
With the survival analysis, the median OS and PFS of these patients were 10 and 8.5 months, respectively. It was not surprising that responders after 6 courses of therapy had significantly longer OS and PFS than non-responders. In a sense, obtaining a good therapeutic response by induction chemotherapy is a prerequisite to a better prognosis in patients with advanced-stage ENKTL. However, it must be pointed out that there were only three patients with a CR showing durable responses. The high proportion of patients who progressed after achieving an initial response to 3 cycles of chemotherapy reflects the aggressive nature of advanced-stage ENKTL and suggests that more intensive consolidative treatment such as autologous or allogenenic hematopoietic stem cell transplantation may be appropriate for those transplant eligible CR patients with a curative intent [15] [16] [17] . Attempts to improve outcome in patients with advanced-stage ENKTL in remission have included studies of high-dose therapy (HDT) supported by autologous stem cell transplantation (ASCT), allogeneic hematopoietic stem cell transplantation (HSCT) and novel treatment modalities. Although some retrospective analyses of relatively small cohorts suggest a role of HDT-ASCT or allogeneic HSCT in the management of patients with stage III/IV ENKTL who have achieved CR with modern regimens, the optimal conditioning regimen, source of stem cell, and strategies of reducing transplantrelated mortality (TRM) remains to be defined. We have recommended patients with advanced-stage or relapsed ENKTL who have achieved CR to proceed to HDT-ASCT or allogeneic HSCT if matched donor is available. However, some patients declined due to personal preference, concerns with TRM or financial issues, which led to only one patient who eventually had HDT-ASCT in this study. Continued efforts should be devoted to define the subset of patients with advanced-stage ENKTL who may benefit most from HDT-ASCT or allogeneic HSCT.
Plasma EBV-DNA level was shown to be associated with OS and PFS of stage III/IV ENKTL patients in our study. EBV plays an important role in lymphomagenesis of ENKTL [18] . Several studies have shown that plasma EBV-DNA level is a sensitive surrogate biomarker for ENKTL tumor load. Persistently undetectable plasma EBV-DNA in ENKTL patients following treatment is correlated with superior survival [19, 20] . In this study, patients who achieved undetectable plasma EBV-DNA following treatment with the Peg-GemOD regimen were still alive and maintained CR status, which indicates that plasma EBV-DNA level is an independent predictor for OS and PFS in advanced-stage ENKTL. There were three patients who achieved CR and maintained durable responses. However, insufficient follow-up time and sample size restricted the accurate evaluation of OS and PFS. Further study will collect more patients with sufficient follow-up.
As to adverse events, this retrospective study showed that the Peg-GemOD regimen had moderate toxicity and was generally tolerable. Myelosuppression (grade 3/4 neutropenia and thrombocytopenia) was the main toxicity leading to dose reduction and treatment delay. However, hematological toxicity was manageable with growth factor support, empirical antimicrobial treatment or blood component transfusions. Treatment-related serious infections were uncommon. Other non-hematological toxicities mainly related to pegaspargase could be well controlled with supportive measures. Importantly there were rare lifethreatening complications. Moreover, patients with stage III/IV ENKTL presented with worse ECOG PS and marrow involvement, which might complicate the interpretation of toxicity profile of the Peg-GemOD regimen. Therefore, Peg-GemOD regimen, to a large extent, is a well-tolerated chemotherapy with an acceptable level of toxicity for advanced ENKTL.
In conclusion, this retrospective study suggests that the Peg-GemOD regimen is a promising induction chemotherapy for patients with newly diagnosed advancedstage ENKTL. From patient treatment point of view, PegGemOD regimen with highly effective and acceptable toxicity may provide a favorable treatment option for stage III/ IV ENKTL. On a broader perspective, this study serves as a platform for the design of future clinical trials exploring novel therapeutic strategies based on pegaspargase-gemcitabine-oxaliplatin combination in improving the longterm outcome of ENKTL patients.
